Circular dichroism (CD) is one of the most useful physical techniques for determining the structures and monitoring structural changes of peptides, proteins, nucleic acids, and so on. The technique operates by the differential absorption of the left-and right-handed components of circularly polarized light by chiral molecules in solution. 1 In addition to the chirality of a monomolecule in solution, the chirality of a macromolecule, such as liquid crystals, 2-4 and homoassociates of porphyrin 5 were also detected by CD spectra.
Introduction
Circular dichroism (CD) is one of the most useful physical techniques for determining the structures and monitoring structural changes of peptides, proteins, nucleic acids, and so on. The technique operates by the differential absorption of the left-and right-handed components of circularly polarized light by chiral molecules in solution. 1 In addition to the chirality of a monomolecule in solution, the chirality of a macromolecule, such as liquid crystals, [2] [3] [4] and homoassociates of porphyrin 5 were also detected by CD spectra.
The far-ultraviolet (far-UV) CD spectra (below 250 nm) of peptides and proteins are extremely sensitive to the secondary structure, and the near-UV spectra reflect the contributions of aromatic side chains, disulfide bonds, and induced CD bands of prosthetic groups.
In recent years, several kinds of peptides and proteins, which polymerize and form amyloid fibrils, have been focused on due to their neurotoxicity. 6 A non-amyloid β-component (NAC) is one of the amyloidogenic peptides which have been identified as the second major constituent in the plaques of a brain with Alzheimer's disease. 7 The amyloid formation by peptides and proteins was mainly detected by the far-UV CD spectrum, especially near 218 nm, which indicates the existence of a β-conformation. Until now, near-UV CD studies of amyloid-forming peptides have been confined to the analysis of aromatic residues. 8, 9 It has recently been demonstrated that a peptide fragment of NAC (NAC(1-13); EQVTNVGGAVVTG) forms amyloid fibrils. 10 With an extension of far-UV CD measurements of NAC(1-13), we studied in detail the near-UV CD spectra and found a novel band. In this paper, the results of CD analyses of NAC(1-13) in the far-UV and near-UV regions are presented and discussed concerning the formation of amyloid fibrils.
Experimental
Peptide synthesis NAC(1-13) was synthesized by the Fmoc strategy using a simultaneous multiple-peptide synthesizer, Model PSSM-8 (Shimadzu Corp., Kyoto, Japan). Each residue was coupled for 30 min with PyBOP/HOBt (Watanabe Chemical Industries, Hiroshima, Japan). The peptide was cleavaged from the Alkoresin (Watanabe Chemical Industries, Hiroshima, Japan) using 5% anisole and 1% 1,2-ethanedithiol in trifluoroacetic acid for 1.5 h at room temperature. The cleaved peptide was washed with diethyl ether and solubilized with 25% acetonitrile in 0.01 N HCl.
Crude NAC(1-13) was purified by reverse-phase HPLC using an ODS column (20 mm × 150 mm) heated at 40˚C with a linear gradient of 20 to 25% acetonitrile in an aqueous solution of 0.01N HCl over 10 min at a flow rate of 9.9 ml/min. The molecular weight of the peptide was determined by matrixassisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS). The (M+H) + value of NAC(1-13) was calculated to be 1231.4 and was found to be 1231.7 experimentally. The peptide purity was found to be greater than 95% by analytical HPLC. Purified peptides were lyophilized and stored at -20˚C until used.
Preparation of peptide samples
A sample solution of 1 mM NAC(1-13) at pH 2.2 was prepared using concentrated phosphate solutions at pH 1.6 to give a final buffer concentration of 10 mM. The solution was centrifuged at 2300g for 10 min to remove any debris.
Electron microscopy
To observe the aggregate of NAC(1-13) by electron microscopy (EM), peptide samples (1 mM) in a 10 mM sodium phosphate buffer were incubated for 7 days at 37˚C.
A droplet of each sample was put on a 400 mesh copper grid (VECO, The Netherlands), coated with collodion, and negatively stained with 1% uranylacetate for about 1 min; excess staining solution was removed with filter paper. The specimens were allowed to dry, and were then coated with carbon in a vacuum evaporator (JEE-400, JEOL, Japan), and observed by transmission EM (JEM-1230, JEOL, Japan) operated at 75kV.
Congo red staining and birefringence
A incubated sample of 1 mM NAC(1-13), which immediately dissolved at pH 2.2 for 1 week at 37˚C, was washed three times by pure water with a centrifugal filter with a cutoff at 100 kD (Ultrafree-MC, Millipore), and was then freeze-dried. Staining was performed by the addition of a solution of 500 µM Congo red in 100 mM NaCl and 10 mM sodium phosphate buffer (pH 7.4). The mixture was incubated for 30 min at 37˚C and then centrifuged. The resultant pellet was placed on a slide and examined under polarizing light using a Nikon Optiphot-pol microscope under a 10× lens.
Circular dichroism spectra
CD measurements were carried out on a Jasco J720 spectropolarimeter. All of the measurements were performed at room temperature. Quartz cells with path lengths of 0.1 mm and 1 mm were used to measure the far-UV and near-UV regions, respectively. The spectra were corrected by subtracting the buffer baseline, and were averaged over four scans for far-UV CD measurements and ten scans for near-UV CD measurements. The intensities of the CD absorption were expressed in units of milli-degree. The far-UV spectra of 180 -250 nm were recorded with a resolution of 0.2 nm, a bandwidth of 1 nm, and a scan speed of 50 nm/min with a 2 s response time. Near-UV spectra of 250 -400 nm were recorded with a resolution of 0.5 nm, a bandwidth of 1 nm, and a scan speed of 100 nm/min with a 1 s response time. No visible aggregates or deposits were observed in the CD samples after incubation for 7 days. Figure 1 shows an electron micrograph of 1 mM NAC(1-13) at pH 2.2 after incubation at 37˚C for one week. Straight, unbranched fibrils were observed. The fibrils had a variety of widths, and some fibrils seemed to be comprised of more narrow protofilaments. An aggregate of NAC(1-13) incubated for 1 week at 37˚C exhibited yellow-green birefringence under cross-polarized light when stained with Congo red, indicating that the aggregates were amyloid fibril (data not shown).
Results and Discussion
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These EM and Congo red staining experiments showed that the 1 mM NAC(1-13) forms amyloid fibrils.
Far-UV and near-UV circular dichroism of NAC(1-13)
The far-UV CD spectrum of 1 mM NAC(1-13) at pH 2.2 showed the typical β-structural CD spectrum with a minimum band near 218 nm and a positive band near 195 nm. Detailed data and analyses of the far-UV CD spectra of 1 mM NAC(1-13) were previously reported. 10 Thus, the near-UV CD spectra with several incubation times were examined. Figure 2 shows the near-UV CD spectra (250 -400 nm) of 1 mM NAC(1-13), changing the incubation time up to seven days. Unlike the CD spectrum in the far-UV range (below 250 nm), which is extremely sensitive to the secondary structure, there was no obvious CD band in the near-UV range of 250 -400 nm immediately after sample preparation. However, a positive CD band near 285 nm was found after ca. 3 days, and the intensity increased with the incubation time. Moreover, a weak minimum was observed near 270 nm after incubation for 5 days. Until now, such CD bands could not be found in any literature concerning structural studies on peptides and proteins. Near-UV CD spectra have only been applied to conformational analyses of proteins, which are attributed to the aromatic ring and cystine contributions. 1 However, NAC(1-13) contains neither an aromatic residue nor cystine. This is, to our knowledge, the first report of a CD-band near 285 nm, at least which is not attributed to an aromatic residue or cystine in peptides and proteins. The impressed voltages used in these CD measurements had almost the same values among the experimental samples. The differences in the impressed voltage between a fresh sample and an incubated sample for 7 days were smaller than 2.4 V within 400 -250 nm, indicating that the samples of NAC(1-13) were still transparent for circularly polarized light despite incubation for 7 days. This also indicated that the CD spectra of the samples after incubation for a few days detected amyloid fibrils as well as peptides in the sample solution. Taking the EM result into account, it is reasonable to consider that the CD band near 285 nm originated from the amyloid fibrils.
The CD intensities of 218 nm (θ218) and 285 nm (θ285) are plotted against the incubation time in Fig. 3 . The θ218 and θ285 immediately after preparation were set to be zero, and after incubation for 1 week they were set to be 1 in the figure; then, other CD intensities of the incubation time were plotted. A comparison of the increasing pattern between θ218 and θ285 showed a more rapid increment in θ218, indicative of the quantity of the β-conformation than in θ285 with the incubation time. This result may be explained by considering that the CD band near 285 nm occurs from the slower formation of fibril, following rapid β-structural formation, which was detected by the CD band near 218 nm. The CD band near 285 nm of incubated NAC(1-13) must be ascribed to the existence of amyloid fibrils. Some kinds of orientation or anisotropy with a longer range scale in large amyloid fibril structures may cause this CD band. Such CD bands were observed in liquid crystals 2-4 and porphyrin. 5 There may be some possibility that the light scattering which originated from amyloid fibrils had an additional effect on such a CD band. The origin of CD absorbance near 285 nm by an amyloid fibril of NAC(1-13) cannot be explained conclusively at the present time, but should be resolved in the near future in other experimental and theoretical investigations. This finding would suggest a new potential method for the analysis of amyloid fibril in peptides and proteins.
